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HEAT-BESiSTANT MICBOPOROUS FILM 



(57). A heat resistant mieroporous membrane- con- 
taining a Ihermoplastlc resin having a crystalline rn&fting 
point or 1 40-300* C and having a layer structure termed 
in the Erection o* membrane thickness, said layer struc- 
ture containing 5-100% of e layer defined by the follow- 
mg (A) and 95.-0% of a layer defined by the following (8): 

(A) a layor is which the micropores are mtra-apfcer- 
iStWio voids . aad 

(B) a layer if? which Arse micropores are fotrfi-spher* 
ul&c voids and imer-spherulitle voids. 
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Description 
Technical Raid 

* P^ 01 J pj«sent invention relates to a mieroporous membrane containing a thermoplastic resin having a or/stall ine 
rne&no point of 140-300*G and a method for producing the sao"se\ 

Background Art 

fa ■ |0002] Rscently : whan preparations such as plasma fraction preparations and bio-med-clnes are administered to 
human bodies, there is a sense of growing crisis regarding pathogens euch as bacteria* viruses and pathogenic proteins 
which might be contained In the preparations, and a membrane filtration method using separating membranes la in- 
creasingly noticed as a usef ui means for physical removal et those pathogens . Micropore us membranes us so for these 
purposes are generally called medical separatinp, membranes. 

15 [0003] Viruses Include mixoviruses such as parvoviruses of 1S-24 nrii in diameter* poiievirus$?s of nm In dl* 
amater, EMO viruses of 28-30 nrn in diameter, and type A hepatitis viruses of 28-30 nm in diameter Mleropomus 
membranes of about 50 nm In pore diameter can he utilized as pre-f liters lor this roferovlrus group. 
{0004] Viruses having medium sites Include type B hepatite viruses of 40-45 nm In diameter, SV40 viruses of 45-55 
nm In diameter, 8VD viruses of 40-SO nm in diameter, smdbte viruses of 60-70 nrn in diameter, etc., and viruses having 

20 iargars&es delude HIV viruses of 30-100 nm In diameter and further larger .viruses of 300 nm irs diameter. For physical' 
removal of these virus groups by the membrane filtration method, mieroporcus membranes of at most 100 nm In 
maximum pore diameter are necessary, and recently the need f or removal of smaller viruses such as parvoviruses has 
^creased. 

[0005] On me other hand, virus removing membranes used for purification of plasma fraction preparations and bio- 
25 medicines are required to have not only the virus removing performance, cut also a high permeability to physiologies 
active substances such as albumin and globulin. Therefore, ultrafiltration membranes having a pore diameter of about 
several nm or reverse osmosis membranes having even smaller pore diameters are not suitable as virus removing 
membranes. 

[0006] Furthermore; even if mieroporcus membranes have pore diameters suitable lor removal of viruses, those 
so which hove large voids inside the membranes and bear their filtration characteristics by the surface skin layer are low 
in certainty for removal of viruses. This is because there are always present significant defects such as pin holes and 
cracks in the skin layer, and the inside of the membrane Hardly contributes to removal of viruses owing to the large 
voids present therein. Therefore.. In order to surety remove viruses, mlomporous membranes having uniform structure 
containing substantially no large voids inside the membranes are desired. The skin layer here means a very thin layer 
53 which is present on one or both sides of the membrane and has a denser structure? as compared with the other Inner 
portions of the membrane. 

[CQSTJ Furthenrsore, since preparations such as plasma traction preparations and blo-rnsdiclnes are generally highly 
viscous liquids, application of high filtration pressure In filtration to increase f iltration rate is preferred In. terms of high 
Industrial productivity. Therefore, high-strength mieroporcus membranes are .necessary which do not undergo break- 
40 age, rupture, damaging, and dimensional distortion under high filtration pressure. Especially, filtration pressure spoiled 
to micropores membranes tends to increase with decrease of the pore diameter and very high strength is required 
for withstanding the high filtration pressure, 

[0GOS} Moreover, medical separating membranes are subjected to some starvation treatment at the Ileal step for 
assuring safety as products. The sterilisation treatment includes a method of using medicines, a method of irradiation 

*5 with ultraviolet rays cr y rays, a method of heating with steam, and others . it medicines are used, chore is some concern 
about the slight amount of residual medicines in the separating membranes which may adversely affect human bodies. 
Use of ultraviolet rays is not suitable for sieriikaUosr of opaque materials because of tow transmission or ultraviolet 
rays. Use of y rays may inflict Irradiation damage on the separating membranes and is, hence s doubtful in reliability. 
The method of using steam is the safest and surest method and Is suitable. Therefore, materials of micro-porous mam- 

m bran&s used for medical separating membranes are required to have heat resistance since the membranes must be. 
subjected to steam sterilisation at high temperatures. 

JOOOS] Furthermore, in many cases, protein which is a component of preparations adsorbs to the separating mem- 
branes to cause clogging of micropores of the separating membranes, resulting in troubles such as reduction of per- 
meation amount or deterioration of the components of the preparations. Accordingly, the medical separating rnem- 
55 branes are sometimes required to have hydrophlllc properties In order to prevent adsorption of protein. Preferred ma- 
terials are those to which hydrophlllc properties can be imparted, depending on their applications, 
£0010] Conventional microporous membranes have any of the following defects: (1 j they dc net have such pore 
diameter as capable of sufficiently removing small viruses such as parvoviruses; (2} they have large voids and hence 
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have no secure virus removing ability; (3) tn ey have a very dense skin layer on the surface and hence cannot s ufficianUy 
permeate effective physiologically active substances such as globulin: {4} they are so low In strength Ihaithey cannot 
stand high filtration pressure and thai sufficient filtration rate cannot be obtained; (S) they do not nave neat resistance 
high enough to withstand stearic storlBzaMon; s^d the like. 

5 [0011] Moreover, in me applications other ma* medical separating .rnerfcbrarwws, high performances are required in 
distribution of pare diameter; sectional structure of membranes, strength, heat resistance, etc. For example* as Etas 
for Industrial processing which remove Hn© particles, sediments or impurities in purification oi chemicals, waste water 
disposal or pre-production of pure water, there are generally used fitters made of polyletraftuoroethytefte resin or 
metaie, What Is required for filters for Industrial processing is that they have a wide spectrum of pore diameters appli- 
es oabie to -fine- particles with various sizes, comprise materials having chemical resistance, and withstand the use at high 

temperatures and have enough strength to withstand high filtration pressures. Moreover; sloes they are gene rat -pur- 
pose filters, they must be low In cost 

[00121 However, although liters made of oolytatrafluo methylene resin have oKcoliont heat resistance, the materials 
are expensive and productivity 1$ low. Although filters made of metals also have axceiient heat resistance, they are 
f5 inferior 'in ability to: remove tine particles because they are .composed of mesh woven fabrics or sintered materials. 
Therefore, techniques sha£ can cover a wide spectrum of pore diameters and can provide inexpensive rolcroporoiiS 
mensbranes are earnestly demanded^ 

[00131 in addition, mieroporous membranes are utilized as membranes for separating oil and water or for separating 
liquid and gas, separating membranes for purification of tap water and sewage, and separators of lithium Ion batteries 
a? or supports tor solid electrolytes of polymer batteries, and they are required to have high performances, as to pore size 
distribution; sectional structure of membrane, strength and heat resistance. 

[0014] JP~A-3-S02T80 and JP A-50S383 disclose porous materials mads of thermoplastic resins or pelyvinyifdene 
fluoride rosins and comprising a pdiyrosr strand structure formed by thorrpaj-y-induceo ilqu»d-tlquld phase separation. 
According to these patent publications, since ftquM-Hquk! phase separation mechanism Is applied, these porous ma- 
ss terials consist only of layer (B) as mentioned In claim 1 of the present Invention, In which micropores are inira-spherulitlc 
voids and ihter-spheruiitlo voids and only microporcus membranes having large pore diameters of subroicron order, 
namely, net lass than 0,1 u.m } can be obtained and mlcrovlruses cannot be removed. Furthermore, strength of micro- 
oorous membranes tends to be somewhat interior. 

{00151 Various technologies using non-solvent Induction type phase separation which Is the so-oaited wet method 
so have hitherto bean dlsc-osed, for example, in JP-A-S8-31732 and JP-A<59~1SSC3, These patent publications disclose 
that the membranes do not contain rnicrovoids of more than 2G$xm. 

[0016] Furthermore, JF-A-7-255674 discloses a poiyvinyiidene fluoride membrane usable tor removal of viruses f rom 
solutions. According tc these non-solvent Induction type phase separation methods, the spfcerulitss which constitute 
layer (A) as mentioned In claim 1 of the present Invention are not produced, and the resulting micropores membranes 

6 have the delect of considerably tow strength, 

|0017] JP-A-S3-S4540 discloses micropores sheet materials made of thermopile resins formed by thermal^- 
Educed sotid-iiquld phase separation. Although this patent publication also discloses technology relating & polyvinyl!- 
dene fluoride resins, ths layer structure of section of the microporous materials as constituted only o? the layer (8) where 
the micropores are Intra spherulitic voids and inter -spherumic voids as shown In Comparative Example 1 In the present 
40 specification, and hence the materials are considerably brittle, 

Disclosure of invention 

£30103 The object of the present invention Is to provide a mieroporous membrane having heat resistance, having a 
45 layer excellent in pore diameter uniformity and having high permeability and, furthermore, a micropores membrane 
having high strength, and a method tor producing the micro porous membrane. 

[0019] As a result of intensive research conducted by the Inventors for solving the above problems, it has been found 
that a microporous membrane excellent In strength and pore diameter uniformity can be obtained when it has a layer 
(A) In which the micropores are formed of Intra-spheruime voids at a given proportion or higher , Thus, the present 
so invention has hear; accomplished. 

[D020] That Is, the present Invention is as follows, 

1 . A neat resistant mieroporous .membrane containing a thermoplastic resin having a crystalline melting point of 
1 40-300*0 and having a layer structure formed In the direction of membrane thickness, said layer smjeture con- 
taming 6-1 00% of a layer denned by the following (A), and 35-0% of a layer deilned by the following (3): 

(A) a layer In which the micropores are inffa-spharuiitlc voids, and 

(B) a layer In which the micropores are infra-spheruiitic voids and intsr-spherullflo voids. 
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2. A heai resistant microponxfs membrane according to the above i, which has a maximum pore dterneter of 
10-150 rm as determined by a bubble poim method and a porosity of 30-30%. 

3. A heat resistant mforoporoos membrane according to the above 2, which has a maximum pore diameter of 1 0-50 
nrn as dolemninec by a bubble point method, 

4 v a heat resistant microporous membrane according to the above 1 < 2 or 3, wherein the thermoplastic resin Is a 
polyvinyl ider?e fluoric*© resim 

5. A method for nrcducing a heaf resistant rnjeroporpus membrane which comprises healing a composition cojv 
• taining a thermoplastic rosin having a crystalline melting point of 1 40-300*0 and a piasiic&sr and having a ther- 
m.al!v4nduced soiic-iiquki phase separation point thereby uniformly melting the ccmpos&en, cooling the mek at a 
eooiiag rate of not lower than 50° C/min. to solidify the melt, and then removing the substantias part of said piastle&er, 
where said composition has a phase separation point depression constant id) of 0-40*0 defined by the foiicwing 
formula (1 ).; 

a- 100 X (T c °-T 0 )-* (tOO-C) {*} 

(In the above formula, a denotes a phase separation point depression constant rC). T c ° denotes a crystallizing 
point {«'C) or the thermooiastie resin, T c denotes a ifcerroaily-lndaced solid-liquid phase separation point f*C) of 
said composition, and C denotes a concentration (% by weight) of the thermoplastic resin in the composition), 
a, A method for producing a heat resistant micropores membrane according to the above 5, which includes the 
step of heat treatment, 

?. A method for producing a heat resistant micropore us membrane according to the above 5 or 8, which includes 
the step of a hydrcphiilzing treatment. 

A method for producing a heat resistant micropcrous membrane according to the above 5 ; i r ; or ?, wherein the 
thermcolastle resin is a noiyvinyiidenefinohde resin, 

9. A method tor prod udng a boat resistant rnicrcporous membrane according to the above 8 ; wherein the ptasiicizer 
•s eioycloftexyl phthaiate or diamyi prnhsiate. 

Brief Description of Drawings 

FIG, 1 Is- a characteristic digram of kneading torque of a mixture comprising a polyvmyfidene fluoride resin and 
a plastfc'izer which is Identified to be. thermally-induced solid-liquid phase separation shown in Reference Example 
1 of the present invention. 

FiO. 2 is a scanning electron n-icrophoieoraph (400 x magnification) of the sectional structure of a intoroporous 
membrane obtained in Exampie 1 of the present Invent-on. 

FSS. 3 Is a . scanning electron mlcrophotog rap h (ISGOx magnification) of the sectional structure of a mioroporous 
membrane obtained in Example 1 of the present invention. 

FIG. 4 is a scanning electron microphotcgraph (15000X magnification) of the sections! structure of a mlcroporous 
membrane obtained in Example 1 ol the present invention, 

RG. 5 is a scanning electron robrophclograph (400X magnification) of the sectional structure of a micrcporp.us 
membrane obtained in Example 2 of the present invention. 

RS. 6 is a scanning electron mtcrophotograph ?4C0x magnification} of the sectional structure of a miercporoos 
membrane obtained in Comparative Example 1 of the present invention. 

FIG, 7 is a scanning electron microph olograph (1500X magnmcatien) of the sectional Structure of a mlcropom-as 
n>ernbraoe obtained In Comparative Example 1 of the present invention. 

RG, 3 is a scanning electron rrucrophotograph (2S0x magnification) of the sectional stature of a microporous 
membrane obtained in Example 3 of the present invention. 

FIG, 9 is a scanning electron microphotograpn (2o0x magnification) o; the sectional structure of a inlcroporous 
.membrane obtained in Comparative Examples of the pr&&&\% invention. 

RG. ID is a scanning electron microphetograph (1500GX magnif cation) of the sectional structure or a mlcrcpcrous 
•membrane obtained in Example S of the present invention. 

RG. 11 is a schematic v'ewof the sectional structure of the rnicroporous membrane of the present invention. The 
symbol A Indicates a layer in which the micropores are intra-spheruiltie voids, the symbol B indicates a layer In 
which the micropores are intra-sphoriiiltic voids and inter -spherumio voids, the symbol a indicates an enlarged 
vlesv of A, the svmboi b indicates an enlarged view of B ; the symbols indicates spherulltes, the symbcVd indicates 
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Ir&^-spheruHtie voids, and the symbol vindicates Snter-spheruijtle voids. 

FIG. 12 shows typical patterns of Maltese cross. The symbol f shows Maltese cross images {sphsruiites}. 
Best Mode Tor Carrying Out the invention 

r 0022] ir* the mScroporoas membrane of the present invention, spnerullte means a spherical crystal which comprises 
a iherrooplasho resin and grows racially, and diameter of the spheru&e Is preferably not more than 100 prm mora 
preferably 0.5-50 s^m, and most preferably 1 -20 urn. 

[0023] The seceonai shape of the epheruHte can be a irue olrcie or elapse when the resin is erystaillzed from a rnelt 
ro of less then 10% by weight in ream eoncsoiratbm hut is generally polygonal when the resin b erysiatl&ed from a meiS 
of nor Sees item 10% by weight In resin concentration as in the present inversion. U is not preferred that the diameter 
oj the spherule exceeds 1 00 um, since the pore structure of the mleroporoys membrane becomes coarse and causes 
deterioration of uniformity of the pore diameter. On the other hand, although there Is no particular problem In that the 
diameter of the spheruttte Is yen/ small for example, less than 0.1 itm, such rnicroporous membrane can hardSy be 
*s produced since an unre&Hstiealfy nigh cooing rate is needed, 

r0O24| Ths first method of observing the spheruiltes is to observe Maltese crosses using a pciar&Lno microscope. A 
syptaei pattern at Maltese cross observed by a polarizing microscope Is shown in FIG, 12 explained hereinafter. The 
second method is to observe using a laser small angle scattering method that the HV scattering image Is In the form 
of eiovenear. 

so [00253 The Intra-spheruMc voids in the rnicroporous membrane of the present invention mean a large number of 
minute void spaces present inside the spheruilteSv The Intra-spherulUle voids are formed by minete droplets of the 
piast k:\f.& left within spherulltes when the resin undergoes soUd-ilgufd phase separation to produce crystals, in the 
pore structure of the layer defused by (A) in the mlcroporcus membrane of the present invention; the tntra-spheruiltie 
velds communicate to each ether to form three -dimensions^ pere paths, 

2$ [00281 The Inter-spherulitic voids ars the mlcroporeus membrane of trie present invention mean coarse void spaces 
present with forming boundaries among the adjacent spherulites. The iruen-sphenuuic voids are produced as liquid 
reservoirs among the adjacent spheruiltes by exclusion of the piastieizer out of the spherules as the resin undergoing 
solid liquid phase separation to produce crystals, In the pore structure of the layer denned by (B) \n the mlcroporous 
membrane of the present invention, the inier-sp heretic voids communicate to each other to form three -dimension a! 

ee> pcre paths. The pore structure rom-ed by the into r-spharuiitlc voids is Inferior In urnTorrntty of pere diameter with increase 
of pore diameter of micropores as com pared with the layer comprising inira-spheruiUic voids, and it Is difficult to. form 
micropores with maximum pore diameter not more than 150 nm which ere excellent In uniformity. 
[002?] It is essential thai the micro-porous membrane of the present invention contains in the direction of membrane 
thickness 5- 1 00% of a Jayer def in od by the following (A) and a5-D% of a layer defined by the following (B)> and preferably 

as the micropores membrane of the present invention contains 30-100% of the layer defined by me following (A) and 
?0-0% of the layer delinsd by the following (B). and most preferably ii contains 50-100% of the layer defined by the 
following (A) and 50-0% of the layer defined by the following <B). The rnkrrcporous rnenvorene of the present invention 
may contain other layers as long as the above ranges are satisfied, 

10028] U the content of the layer defined by the following (A) is less tharx 5%, filtration performance of high precision 
40 given by a layer excellent in pore uniformity is lost. Moreover, strength of the membrane Is deteriorated. 

(A) a layer in which the micropores are irtfra-spheruimc voids. 

IB) a layer in which the micropores ere intra-spheruiiiic voids and mter-spheruUtic voids. 

45 [002e] The features of the porous structure in the rnicroporous membrane of the present Invention, namely, spher- 
u&es> Intra-spneruirtie voids, foter-sphsruirtle voids, and embodiments of the layer In v/nieh mioropofes are letra-sphen 
uju!o voids and the layer in which micropores am Intra-spheruliiic voids and Inter-epheruiliic voids, are shown in FIG. 11 . 
[0030] The maximum pore diameter of the microporous membrane of the present Invention is preferably 1 0-150 nm, 
more preferably 1 0-100 nm, further preferably 1 0-5O em. If me maximum pore diameter Is less than i 0 nrm penneablllty 

so to physiological active substances such as globulin or filtration rale decreases, and If It exceeds ISO nm, performance 
for removing of viruses deteriorates. The maximum pore diameter here js aval *ae measured by the bubble point method. 
fOOSIj The ratio of the maximum pore diameter and the apparent pore diameter of the roleroporous membrane of 
the present invention is preferably 1-15, more preferably 1 .2-12, most preferably 1.5-10. The ratio Is a value obtained 
by dividing the maximum pore diameter by the apparent pore diameter .measured by the permeation method and 

55 indicates uniformity of pore diameter of themtcroporeus membrane. When the ratio Is close to. 1 , this means that the 
pores theoretically have pore diameter of monodisperae and the pore paths are formed linearly In the direction of 
membrane thickness. In this case, an ideal permeation amount can be obtained, and hence such mlcroporous mem- 
brane Is suitable for the uses of screen filtration. On the other hand, whan the ratio is c-ose to 1 S> this means that the 
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pores have some pore diameter distribution or the pore paths are In the form of curved paths., and although the per* 
meallon amount Is sacrificed, the membrane is superior In performance for removing druses- or fine parties because 
of the curved paths and Is thus suitable for the uses of depth ntration. However if the ratio exceeds 15, pore diameter 
uniformity is inferior and tnts is not preferred. 

[003£| Porosiiy of the mlcropcrous membrane of the pres ent Invention is preferably 30*B0% } more preferably 35-85% , 
and most preferably .35-§0%, If ihe porosity Is less than 30%., HHraUon rate would be insufficient, and if it exceeds SC%. 
reilabHHy in removal of viruses and the like would lower and simultaneously strength of the micropore us membrane 
would oe Insufficient. 

[0033] Thickness of The miOroporous membrane of the present invention Is preferably 1 jim - 1 0 mm, more preferably 
5 \.m - 5 mm, most preferably 10 pm - 1 mm> If the thickness Is less than 1 pm<, re^ab&iy in removal of viruses lowers 
and .strength of the mlemporoes membrane tends to become insufficient. If it exceeds 10 mm, the permeation perform- 
ance tends to become Insufficient and this is not preferred, 

[0034] The water permeation amount of the mlcropor cue membrane of the present Invention means a performance 
m presenting the liquid pemneab&ty, and Is preferably 10 - 2 x 10*, more preferably 20 - 1 x to 4 , and most preferably 
50 - S x 10K This water pemneatlcn amount is indicated by a numerical value standardized to a membrane thickness 
or iODij/Ev and Ihe- unit thereof Is L/m%atrrv'hoiir/1 OOum. If the v/afer permeation amount Is less than 10., the liquid 
permeation amount will be inferior and the basic performance as separating membranes Is damaged; and If It exceeds 
2 x to 4 ., me strength of the rnlcroporous membrane win be damaged and this la not preferred, 
f (103 51 Air permeability of the rnlcroporous membrane of the present invention means a performance representing 
the gas permeable and is preferably 1 DO - 1 x 10 5 , more preferably 500 -5 x 1 0*. and most preferably I x 1 0 s - 5 
x i 0 4 .This air permeability is a numerical value obtained by standardisation to : a membrane thickness of lOOjim, and 
the unit thereof is seccn^n 2 /cmHg/1 00cm 3 /1 CQj^m. Jf the m permeability Is less than 1Q0, the strength of the micro- 
porous membrane is damaged and this is net preferred, if it exceeds 1 x 10 s : the permeation amount of liquid or gas 
ttsii be Interior and the baste performance as separating membranes te damaged, and this is not preferred. 
[0036] Tnetenstte break strength of the micropbrous membrane of the present Invention is preferably not iess than 
10 kgf/cm 2 , more preferably 15-800 fcgf/cm* and most preferably 20-5DO kgf/cro 2 in at toast uniaxial direction, if the 
tensile break strength *s joss than 1 0 kgf/cm*, troubles snob as damages caused by bending, friction and foreign matters 
or rupture caused. by pressure applied at filtration are apt to occur in the mioroporous membrane. On the other hand, 
although there is no problem- if the tensile break strength is high , tor example.. If it. exceeds 1 000 kgf/crn s , such micro- 
porous membrane Is substantially dirneultto produce, 

[0037] The tensile break elongation of the miemporous membrane of the present Invention & preferably not (ess 
than 10%. mem preferably 20-1500%, and most preferably 30-1000% in at least uniaxial dirsctlom If the tensile break 
elongation is less than 10%. troubles such as damages caused by bending, friction and foreign matters or rupture 
caused by pressure applied at filtration are apt to occur In me micropore's membrane. On the other hand, although 
there Is no problem if ihe tens ite break elongation is as high as, for example, exceeomg £000%, such micropore's 
membrane Is substantia^/ difficult to produce, 

[0038] "Hie thrusting strength of the rnlcroporous membrane of the present Invention Is preferably at least 100 gif 
100 vjn . The thrusting strength Is a value obtained by standardizing the maximum load observed at a breaking point 
In the thrusting test to a membrane thickness of 1 00 rtm, \l the thrusting strength is less then 100 gf/1 DO .am, troubles 
such as damages caused by bending, friction and foreign matters or rupture caused by pressure applied at filtration 
tend to occur in the mleroporous membrane. On the other hand, although no problems ere caused by ice high a 
thrusting strength per se, rmeroporous membranes of., f or example, more than 1000 gf/100 urn in the thrusting strength 
are substantially difficult to produce, 

[&GSS| The thrusting depth of ihe rnlcroporous membrane of the present invention Is preferably 2-18 mm. If the 
thrusting depth Is less than 2 mm, troubles such as damages caused by bending, friction and foreign matters or rupture 
caused by pressure applied at ft&raticn tend to occur in the rnlcroporous membrane. On the other hand, if the thrusting 
depth exceeds 10 mm, the mlcroporous membrane tends to be distorted by the pressure applied at filtration and this 
is not preferred* 

[0040| The energy In the thrusting test on the mlcroporous membrane of the present Invention Is. preferably at least: 
2 mJ/100 }im s more preferably 2.5-SO mJ/100 j*m, especially preferably 3-30 mJ/100 urn. The energy in the thrusting 
test Is a value standardized to a membrane thickness of 1 00 um» if the energy in the thrusting tost Is iess than 2 tnJf 
100 pm, the membrane tends to become insufficient in strength and has the possibility of not being able io stand a 
high fmraffon pressure. On the other hand, although no particular problems are caused by too high an energy In the 
thrusting test, mlcroporous membranes of, tor example, more than 100 mu/100 urn are substantially difficult to produce. 
[0041] The burst strength of the mlcroporous. membrane of ihe present invention Is preferably 30-800 kef/cm*, more 
preferably 35-400 kgf/cm 2 , and especially preferably 40-300 kgf/cm s . If the burst strength Is less than 30 kgf/em* the 
membrane tends to be Insufficient fa strength and has the possibility of not being able to stand high filtration pressures. 
On the other hand, although no particular troubles are caused by too high a burst strength, microporous membranes 
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having a burst strength of, for example, more than 500 kgf/cnf are substantially difficult to produce. 
[0042'J The microporeus membrane of the- present invention can be produced by heating a composition containing 
the thermoplastic resin and the piastse&er to unifcrmty meit It, cooling and solidifying the meii. and men removing the 
substantia* portion of the plasilefeen This production method preCeraoty includes a heat treatment and/or a hydrcphi- 
s sizing treatment The heal treatment has an effect to further Improve the strength and the heat resistance of the micro- 
porous membrane, and the hydrcphilizsng treatment has. an effect to inhibit adsorption of physiological active substanc- 

[0043} U is essential that the thermoplastic resin used in the present invention has a crystal ne melting point of 
140-200*0, and the crystalline melting point Is preferably 145-250*0, mere preferably l50-20C J O, if a thermoplastic 

w resin having a ciystalHne melting point of lower than 1 40- C is used, endurance of the mieropcrous membrane against 
heal in the steam sterilization step Indispensable for the use es medical separating membranes or In the nigh-Semper- 
ature filtration step which is an Important perfoimanco requirement in other industrial uses would be lost On the other 
hand, 3 a thermopiasiie resin having a crystaiiine melting point of higher than 300*0 la used, the operation of heating 
the resin and: the piastldser to uniformly melt them In the production method of the present invention becomes difficujt 

«f to perform and deterioration of molding process abitity Is caused, 

[0044] The thermoplastic resins used In the present invention are those which have crystalling and are used for 
i&u&3 conpression molding, extrusion molding, injection molding, inflation molding and blow molding, and indude, for 
example, polyoiefin resins such as polypropylene resin, poiy-4-methyM -pentene resin, etc; polyester resins such as 
polyethylene terephthaiate resin, poiyfautyten© torephthaiaie resin, polyethylene naphthalan resin, poiybutyiene naph- 

& thaiaie resin, polycyelohexylene dirnethyfeneterephthaiate resin, etc; polyamide resins such as nylon 6, nylon 68. 
nylon 610, nylon 81 2 { nylon 11, nylon 1 2< : nyicn 46, etc.; fluorine-based resins such as polyvlnylldene fluoride resin, 
ethyleneAetmfiuofoethyl8n8 resin, po^chlorotrlfiuoreethyiene rosin, etc; peiyphenyiene ether resins; polyacetal res- 
Ins; etc- Polyvsnyiidene fluoride resins are preferred because they are superior In balance between heat resistance 
and molding processabiiity. 

*s [0045] the poiyvlnyiidene fluoride resins used in the present invention mean fluorine-oased polymers having a basic 
skeleton containing a vlnyifctena fluoride unit, and are generally called PVDF for short. As the polyvinyl idene fluoride 
resins, there may be used, for example, hornopolymers of vfnylktene fluoride (VDF) and oopotonem of vinyiidsne 
fluoride (VDP) With at least one monomer or two selected -from the monomer group of hexaftuoropropyiene (HFP), 
pentafiuoropropyiene (FFF). tetrafiuoroethylene (TF&). ohiorotnhuoroethylene (CTFE) and perllucromethyMnyi ether 

oo (PFMVE). Moreover, the above homcpolymers and copolymers can be used in admixture, in the present Invention, 
use of a poiyvinytidane fluoride resin containing 30-100% by weight of the homopoiymer Is preferred because crystal- 
finily olthe mlcroporoos membrane of the present Invention Is Improved to result in high strength, and use of only the 
hornopoiymer, is more preferred. 

100461 The average molecular weight of the thermoplastic resins used in the present Invention Is preferably 
55 50,000-5,000,000,. more preferably 100,000-2,000,000, and most preferably 150,000-1:000,000.. The average molec- 
ular weight means a weight average molecular weight measured by GPC {gel permeation chromatography) and the 
like. In general, for such resins having an average molecular weight exceeding 1,000.000, accurate measurement of 
the molecular weight by GPC Is difficult, and, hence, viscosity average molecular weight measured by viscosity method 
may bo a substitutive method, W the average molecular weight is less than S0 f 000, the rnett tension upon melt molding 
40 is loot causing deterioration In moidabmty or strength, and this is not preferred, if the average molecular weight exceeds 
6,000,000, uniform melt kneading lends to become difficult and It Is preferred not to use resins having such average 
molecular weights. 

£0047] The pissticlzere used in the present invention can be non-volatile solvents capable of forming a uniform so- 
teflon et temperatures not lower than the crystalline melting point of the resin upon being mfcsd with the thermoplastic 
45 resin. The plasiic&ers may be in the form of Uquid or solid at about room temperature of 20*0, Furthermore, it is 
necessary to use so-called solid liquid phase separation type piesiiclzers having a thermally-Induced solid-liquid phase 
separation point when the uniform solution with the thermoplastic resin is cooled. 

100481 Moreover, for the phasUcteers used in the present Invention, $ is necessary that the phase separation point 
depression constant of the composition defined by the following formula (1) is 0-40*0, preferably 1-35 w G f more pref- 
so erably $-30*C. If the phase separation point depression constant Is higher than 40*0. inter- sphemiltio voids increase 
to deteriorate uniformity of pore diameter and strength, and this is not preferred. 

(In the above fonrsula ; a denotes a phase separation point depression constant (°C), T C G denotes a erystai&zsng point 
(*C) of the thermoplasUc resin, T G denotes a thermally-induced scS&Hquki phase separation point ("C) of the compo- 
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siiksn. and C denotes a fioncenlrafion {% by weight) of the thermoplastic resin in the composition), 
[3049] The therrnaliy-induced soiks-ilquid phase separation point can be obtained by using e previously meit kneaded 
composition containing the tnerrnopiastic rosin and the pjasficizer in a given concentration as a sample and by meas- 
uring an exothermic peak temperature of the resin by a thermal analysis method (DSC), Furthermore, the crystallizing 
point of the resin can be obtained by using as a sample she resin previously msit kneaded and similarly by mo thermal 
analysis method, 

[OOSOJ As the pU-elic&sf, dieyciohexyl phi-haiaie (DCHP> or dlamys pnmaiale (DAP) is preferred when, sor example, 
a pofyvhiyftctena fluoride resin Is selected as the foermoptestk; resin, in the case of using two or more piasrfictesrs in 
admixture, at least ono piasticixer selected from the flowing first group and at ieast one plasticteer -selected from the 
following second group can be used In admixture. However, when two or more piasficizers are used in admixture, ii Is 
aiso necessary -net the phase separation point depression constant of the composition defined by the foisowsrjcj ;crmui:: 
{l}feG-40°C. 

a« 100 x (T C °-T C }^(10C-C) (1) 

(in the above formiila, ct denotes a phase separation point depression constant (* C), T 0 ^ denotes a ciystaJUzing point 
f C) of the ihcsrmoptesfic resin, T c denotes a thermal-induced solid-liquid phase separation point fC) of the compo- 
sition, and C denotes a concentration (%-fey weight) of the thermoplastic resin in the composition). 
[0051 } Theftst group consists of dimethyl phthalate, diethyl ohthaiats (DEP), dlp?opy.i phthalste, dilscpnopyi phtha- 
late, dloutyi phthaiate (DBP), diisobutyi phthaiaie. dlarnyl phthatate (DAP), dlqyolahexyl phtnaiaie (OCHP), rrimerhyi 
trimelihate, tripropyl trimeiiiiate, iributyl trlmetiltate, dimethyl maionale, diethyl magnate, dipropyi malonate, diisopropyl 
malenate, d&utyi mainnate, dimethyl succinate, diethyl succinate, dipropyi succinate, dlloopropyl succinate, dibaty! 
succinate, diamyi succinate, dimethyl adipaie, diethyl adipaie, dlpropyl adipate, diisopropyi adtpats, dibutyj afipsts, 
dHsobuty's adipate; dimethyl seoacate, diethyl sebacate, dibutyl sebacate. trimotnyl pnosphate, trietnyl phosphate, tnb- 
uiy? phosphate; tnamyi phosphate, triacellm trlprcplcnln, tfibutyrln, tfioeproln, dimethyl suboxide, dimethyiformamide, 
dimethyiacetam!de t e -caprolactam, s -caprolactone, y-hutyrolseione, N^mefhyipyrfoijdane, eydohexanone, ethylene 
carbonate, propylene carbonate, acetcphenons, ethylene giycoi diacetaie, and ethylene glycol diproplonate. 
[005^1 The second group consists of dlheptyi phthaiate, dl-n-ecly! phthafate, df-2-eihyfcexyl phthalate, dl-n-nenyi 
phthaUit©, d&ononyl phthaiate, diisodeeyi phthalata, dltridecyi phthaiate; tn-2-eihyihexy! tdrneiittste, di-2-ethylhexyl 
adlpate, dlisononyi adipate, diisodeeyi adlpate, di -2-ethyihsxyl azdfata, di-n-oclyi sehaeats> di-2~n -ethyihexyi sehaeare 
and tn-2-ethyibexyi phosphate, 

[0053] The lower iimlt of the con -en- o? the thermoplastic resin in sne composition contai ning ine thermoplastic resin 
and the plasUelzer In the present Invention Is preferably not iess than 10% fey weight, more preferably not less than 
1 5% by weight especially preferably not toss than 20% by weight. The upper limit of the content of me thermoplastic 
resin ts preferably not more- than $0% by weight, more preferably not snore than 80% by weight, further preferably not 
more than 70% by weight, especially preferably not more than 60% by weight, if the concentration of the resin is less, 
than 10% by weight, membrane strength is deteriorated. If the concentration of ^e tesln exceeds 90% by weight, the 
pore diameter tends to become too smai? and permeation performance tends to be deteriorated. 
{0054] A f irst method for uniformly molting the composition containing the thermoplastic resin and the piastioteer in 
the present invention comprises introducing the resin into a continuous resin kneading apparatus such as an extruder, 
and introducing the piesfie&er at a certain ratio as heat melting the resin to carry oui screw kneading of thorn* thereby 
obtaining a i,nifo?tn soluiion, ? he fojm of the resin introduced may be any of powder, granule a?nd pellet. When onlrenn 
melting ic carried out by this meshod ; the piasticizer h proferabV in liquid form at room temperature. A single-screw 
extender, a different direction twin-screw extruder, a same direction twin-screw extruder, or the like may be used ss 
the extruder. 

p)5SJ A second method for uniformiy molting the composition containing the thetmoplastb room and the piaeticiser 
comprlaes previously mixing and dispersing the resin and the p]aetid2or using a stirring apparatus such as a Henseha! 
mixer and Introducing the resulting composition Into a continuous resin kneading apparatus such as an extruder to 
knead the composition, thereby obtaining a uniform soiuflon. The form of the composition introduced is a slurry In the 
case of the pias&ctedr being Hqyid at room temperature, and a powder or granule In the case of the piastic&er being 
solid at room temperature. 

[OOSS] A third method lor uniformly melting the composition containing the thermoplastic resin and the pSastlcfctor is 
a method of using a simpie resin kneading apparatus such .as a Srabender or a miH< or a method of melt kneading in 
other batch typo kneading containers. According to this method, since the step is baron type, productivity is not high, 
but more srs merits of simplicity and high flexibility. 

£0057] A first .method of cooling and solidifying to maid the composition comprises extruding s uniform solution con- 
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laming the itamnoptestfc resin and me plasticlzer into a sheet through a T-dle or the like, and allowing the sheet to 
contact with a hestt conductor io cool the sheet to a temperature sufficiently ;ower than the thermal-induced solid- 
liquid phase separation point As the heat conductor, there may be used metals, water, air or the piasters per so, 
and esouclalSy prfefwed is to carry out the coding By allowing the sheet to contaci with a roil made or a metal duo io 
high workability Moreover, If the shoot is subjected to calender processing or not rolling by nipping between roils at 
the time of allowing the shoe! io comae* with a r olS made of a meiai, the heat conducting efficiency te further enhanced 
and the surface smoothness of the sheet is improved. Thus, this is preferred, 

[0058] A second method of cooling and solidifying to mold the composition comprises extruding a uniform solution 
of the resin and the piaslicizer Into a tube or a hoHow fiber trough a circular die or a ring spinneret, and leading the 
» extruded product into a coolant bath and/or passing a coolant through the tube or the hollow fiber, thereby cooling to 
a temperature sufficiently lower than the thermal-induced solid- liquid phase separation point to seiSdffy the tube or 
the hollow-fiber, 

£0059] A third method or cooling and solidifying to moid the composition comprises extruding a uniform solution of 
the resin and the piastlciser into e sheet and dipping the sheet In a coolant bath or compressing the sheet by a cooling 
«? press or the like, thereby cooling to a temperature sufficiently lower then the therm^-lndueed solid-liquid phase sep- 
aration point to solidify the sheet. 

r0060J The coolant In the coolant bath Is preferably one which does not dissolve the thermoplastic resin and can 
readily perform heat exchange and water Is preferred. The coolant which io introduced Into toe inside or the hoiiow 
fiber in the case of extruding into a hollow fiber has the effect or stabilizing the sectional shape of the hollow fiber, 
;?o namely, homing the shape of true circle and Inhibiting formation of irregular wail thickness, and various liquids arc 
employed m addition io sin 

P0S1 J The cooling rate in cooling and solidifying the melt of the composition must be not lower than S0*O/min t and 
Is preferably 100 ■ 1 x iO^C/roin, mere preferably 200 - 2 x 10 4 °G/mlm if the cooling rate is lower than S0*C/min, 
the spheruiires become coarse, and, besides, many inter-spheruHS© voids tend to be formed, resulting In loos of uni- 

£s formiiy of pore diameter or deterioration of strength, 

(00621 \n the present invention, extraction solvents are used tor removing the plasticlzer. J he extraction solvents are 
preferabhr poor solvents tor the thermoplastic resin and good solvents for the pfesticteef, and, preferably, they have 
boiling ooints tower than the melting point ot the mscroporoas membrane:, bxarnpies of the extraction solvents include 
hydrocarbons such as hexana, cyciohexane,. etc., haiogenated hydrocarbons such as methylene chloride, 1.1.1 -tnehio- 

» methane, etc., alcohols such as ettanol, Isopropanoi, ete, : ethers such as diethyl ether, tefrahydrofuran : etc., ketones 
such as acetone, 2-hutanone, etc., and water. 

{00S3] in the present invention, a first method for removing the ptestk&er comprises dipping the rnicroporous mem- 
brane out into a given size in the extraction solvent In a container, followed by sufficient washing and subsequent drying 
of the deposited solvent by air-drying or with hoi air. in this case, when the operation of dipping or washing is repeatedly 
$^ earned out, the plastlclzer remaining in the micrcporeus membrane decreases and, hence, this is preferred, Moreover, 
preferably the end portions of the micropores membrane are restrained tor inhibiting shrinkage of the micropenis 
membrane during a series of the operations of dipping, washing and drying. 

[0064} A second method tor removing the ptesticizer comprises continuously feeding the micropores membrane 
into a tank tilted with the extraction solvent dipping IS for a period >:ong enough to remove the plasiicVser and then drying 

40 the deposited solvent, in this case, extraction efficiency Is preferably enhanced in the case of applying known means 
such as a multistage method, according to which the rnicroporous membrane Is successively fed into the respective 
tanks having differences In concentration by dividing she inside cf the tank into mintages, and a counts rourront 
method, according to which the extraction solvent is supplied In the direction opposite to the running direction of the 
microporous membrane, thereby forming a concentration gradient. Sn the first and second methods, it is Important to 

45 perform substantia* removal of the piasfteizsr from the microporous membrane. The substantia! removal means that 
the piasticizer in the microporous membrane is removed to such an extent as not to damage the performance as a 
-separating membrane, and the amount of the plastielzer remaining in the microporous membrane is preferably less 
than 1% by weight, more preferably less than 100 ppm by weight. The amount of the oiasticlzer remaining in the 
mbrcporous membrane can be determined by gas chromatography: liquid chromatography or the like. Furthermore, 

so whan the extraction solvent Is heated to a temperature within the range lower than the colling point of me solvent, 
diffusion at the piaslleizer and the solvent can be accelerated and extraction efficiency can be enhanced, and thus this 
Is further preferred. 

[OOm] in the present Invention , It is preferred to carry out a. heat treatment, and the heat treatment exhibits the effects 
such as dsmlnishment of shrinkage of the microporous membrane upon removal of the piastldzar and improvement of 
& strength and heat resistance of ths microporous membrane. As the method of the heat treatment, there is a method 
of placing the microporous membrane In hoi air, a method of dipping the micropore's membrane in a heating medium, 
or a method of contacting the microporous membrane with a metallic roll heated and controlled in temperature. 
[GSSS] The temperature of the heat treatment In the present Invention is prcfersHy IT*/ - 100) - a ^ more 
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preferably (T :s ^ - 50) - iT>/> - S)*C, and most preferably (T M ° - 30} - fT M ° - 10)°G, with respect to She eryataJfine melting 
point TV' of the Shermoplasile rosin, if the temperature- of the heal treatment is tower than f T u ° - 1 00) *G, the effect of 
the heai treatment cannot he obtained, and If It exceeds .{T^<°)*C > micropores of the mlcreporaus man<brans are blocked 
to lose pejrneafeili^ and thus these are not preferred. 

[0067] in tfce present invention, it Is preferred to carry out hydroph392ing treatment, and hydrophfisc properties can 
be Imparted to the rnioraporous membrane thereby; and thus microporous membranes suUabla for medicat separating 
membranes, which should not adsorb proteins, can be obtained. As the method of hydrophlHzation. mention may be 
made of., (or example, treatment, with surface active agents., grafting, mixing or coating with hyciropimie polymers, and 
the s&a. The grafting Is moat preferred, taking Into consideration durability of hydrophttlc properties or possibltrty of 

*& teakage of the hydroptulic additives. 

As the treatment with surface actVe agents,, mention, may be made of a meshed of impregnating the micro- 
porous membrane with a solution Into which a surface active agent is dissolved and then evaporating the solvent 
[Gu69| For the grafting, there is a method of generating radicals by irradiating the micmporous membrane with elec- 
tron rays or gamma rays, or by using peroxides to carry cot chemical modification of hydrophyte monomers such as 

& hydroscyalkyl acrylsles or hydroxy alky! methacryiates. 

[00701 ror mixing or coating with hydropniJio polymers, there are: a method oi producing the mieropomus membrane 
by mlsing a hyrircphiiic polymer with the thermoplastic resin of the present invention, a method of impregnating the 
microporeus membrane v^lJh a solution into which a hydrophiiic polymer Is dissolved and then evaporating the solvent, 
and the tike, 

#0 [00713 Jn the present invention: further additional treatments may be carried out as long as the advantages of the 
present invention are not damaged. Examples of the additional treatments include across-linking treatment, with tor*- 
izhg radiations and the like, introduction of functional groups by chemical surface modification, and the like. 
[O072| The composition containing the thermoplastic res^n and the piastlcizer used in the present invention may 
fuftrter contain antioxidants; crystal nucleating agents, antistatic agents, flams retardants, lubricants, ultraviolet ab- 

— sorbsrs, etc. depending on the purposes. 

[0073] The raioroporous membranes having heat resistance or the present Invent Ion can be utilized for a wide variety 
of applications such as meciieai separating membranes usable for removal of viruses, bacteria, etc., concentration, or 
culture media, filters for Industrial process for removal of fine particles from medical fluids, waste water, etc., separating 
membranes lor separation of oil and water or liquid and gas, separating membranes for purification of tap water or 
so sewage, separators for lithium batteries, etc., solid electrolyte supports lor polymer batteries, and other applications. 
[0074] The present Invention will be explained In detail by the following examples. The test methods shown in the 
examples are as follows. 

(1) . Membrane thickness i: 

[00753 Thickness or mlcrcporous membrane in the form of a sheet was measured using a dial gauge (PEACOCK 
NO. 2S manufactured by Osaki Sefsakusho Co. ; ltd.). 

Thickness of m icroporous membrane in the form of a holiow fiber was measured by photographing a veriic&iiy 
cut section oi ihe membrane by a stereomjeroscope and cumulating 1/2 of the difference between the outer diameter 
and Inner diameter of the hollow fiber, 

(2) Porcsfty s; 

[0077] Volume (cm 5 ) and weight (9) of the mlcropcrous membrane were measured, end the porosity s {%) was 
calcoJetod from the results of the measurements using the following formula. 

Porosity- 100 x (1 - weight * {density of resin x volume)} 

— (3) Water permeation amount W: 

[0078} Permeation flux (mL) of pure water at 2'5*C was measured, end water permeation amount W (L/m a /atm/nr/ 
1C0 ;amj was calculated by the following formula from membrane thickness turn), sample area. (em% v difiereoMai pres- 
sure {arm}, and measuring time (min). 

55 

Wafer permeation amount W « 8 x permeation 
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fiux x membrane thickness - (samptearea x differentia* 
pressure X measuring; tiros). 



i4) Gas pem>eao»ily 3 



rO07$| A time retired for permeation of 100 cm 3 of sir was obtained using a Gurtey gas permeabiirty- motor in 
accordance with JiS P-6117. and was standardized to a membrane .mteknssa of 100 *im to obtain a gas permisabsfcty 
<i? O (sec/m^VcrnHg/i 00 em 3 /1 00 am). 

(5) Maximum pore diameter p 1 : 

rrjOSO} -Maximum pore diameter D 1 {pro) was converted from bubble point (kgr/cm*) obtained by tne bubble point 
?s method. 

{8} Apparent pore diameter D 2 according to permeation method; 

roOSI } The relation between gas permeability Q and pore diameter d <pro) Is as shown by the foBowSng fonnula using 
20 membrane thickness t (urn), porosity % (%} and path curving rate 

G - 7.54Q XtXt 2 +{2Xd} 

;?s fOQS2| On the other hand, the relation between water permeation amount W and pore diameter d is as shown by the 
following formula using membrane thickness t (urn), porosity £ (%) and path curving rate %: 

W« 1.138 x 10 7 x x £ v {? 2 x t) 



30 



35 



mossi Wften - e and t are eliminated, the pore diameter d can be shown by the following formula. Gas permeability 
G and water permeation amount W were measured, and apparem pore diameter D £ turn) according ;o me permease 
method was sacculated from the following formula. 



45 



d « 1.149 x 10 x W x G ~ D £ 
(?) Ratio of maximum pore diameter and apparent pore diameter: 

[00841 The ratio of the maximum pore diameter D, and the apparent pore diameter D 2 measured by the permeation 
method was detined as shown by the following fcrmula : andtn<s was taken as Indication of uniformity of pern dimeter 

Ratio of maximum pore diameter and apparent 
pore diameter « maximum pore diameter * apparent pom 
diameter according to permeation method 

so (8) Tensile break strength and tensiie break elongation: 

[SOSSj A tensile test was conducted under the test conditions of width of test piece ol 1 G mm, length of test p&ee of 
100 mm, distance between chucks {distance between two gage marks) of 50 mm : pulling rate of 200 mm/msn } and 
meascurina tenmeralure of 23 ± 2*C using Autograph Model AG -A manufactured by Shlmacisti Construction Co. Ua, 
The break strength intern*} and the break elongate {%} were obtained from the breaking load {kgt} ( breaks efen- 
-gallon (mm) and membrane thickness (jim) by the following tormuiae. 
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Tensile break strength = breaking load 
membrane thickness x 10 



Tensile break elongation a= breaking 
elongation x 2 

{§) Thrusting strength and trusting depth: 

[0086] A thrusting tost was conducted under the test conditions of bend fadJus of needle tip of 0.5 mm. thrusting 
speed oi S rom&ec, and measuring temperature of 23 ± 2°C using a compression tester KES-GS manufactured by 
Katoteck Co,, Ltd, and a correlation curve between the bad and the depth was obtained. From the maximum lead (gf) 
at breaking point in the correlation curve and the membrane thickness (f-i-n). the thrusting strength (gf/100 am) stand- 
ardized to a membrane thickness of "00 inn was obtained by trie following formula. 

Thrusring strength « 1.00 x maximum ;oad - 
membrane thickness 

£0087} Funnermere , depth of the needle at the breaking point in the above thrusting test was defined to be thrusting 
depth (mm), 

(I D) Energy in the thrusting test: 

|00SSf In the correlation curve between the load (gf) and the depth (mm) obtained In the above thrusting test, the 
region of from' starting point (depth 0 mm) to breaking point (thrusting oapth) was integrated and standardized to a 
membrane tkiesness of 100 um and the resulting value was defined to be energy (mJ/lQ£>tm} ; 

(11) Surst strength: 

[0069i A micropore os membrane in the form of a hollow fiber of 10 cm in effective iength as a sample was fixed at 
a jig estng en spoxy resin and fitted to a nitrogen gas cylinder having a regulator. Then, the pressure was Increased 
by even/ 1 ko?/cm 2 by the regulator, and foe sample was maintained lor 1 minute at each of the pressures and the 
occurrence of bursting was judged. The burst strength (1 kgf/crn 2 ) was calculated by the following formate from the 
buret pressure (I kg?/cm s )> membrane thickness Cum) and in nor diameter of the hollow fiber (urn). 

Burst strength - G.5 X burst pressure x inner 
diameter * membrane thickness 

(12) Observation of sectional structure of micfoporous membrane; 

TOOSO] A mlcroporus membrane cut into a su&ahjc size was impregnated with ethanol, and the section was exposed 
by freeze culling at liquid nitrogen temperature. This sample was fixed on a sample stand with an electrically condi-ctive 
doubk^eoeted tape, followed by coating with gold to obtain a sample for microscopic examination, The sectional struc- 
ture oi' the mteroporous membrane was observed using a high resolution scanning electron microscope device 
{HRSEfc!} under an accelerating voltage of 5,0 kV and at a given magnification. 

[0091] Wjtb reference to the layer defined by the following (A) and the layer defined by the following (B) ( the above 
sectional structure was photographed with changing the magnification to at feast 4 stages from such an enlarging 
magnification as the whole image in the direction of membrane thickness being included within the frame of layout: (for 
example, 400 x Ss suitable when the membrane thickness Is about 200 urn) to an enlarging magnification of 15000 x. 
and judgment wascijnducted. Such layer as the snter-sph eruHtic voids schematlcaiiyshownjn F'G. 11 being not present 
In any ot the photographs taken with changing the enlarging magnification is defined as layer (A) : and such layer as 
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the Inter-sphorulitlc voids being present is defined as layer (B).. In the case of the microporous membrane having a 
sechona? structure In which the layer (A) and the layer {8} coexist generally the layer <A) tends to be formed as a layer 
parage* to the surface of the micronorous membrane In the surface layer portion of the micropores membrane, and 
the layer (B) tends 10 be formed In the Inner layer portion of trie microporcus membrane. 
5 [0£§2j The ratio of tne layer (A) and the layer (3) was obtained as- the average value of measurements of the ratio 
of thickness of the layers to the msmbranc thickness ai ai lead 1 0 points in the above photographs of me sectional 
structure. 

(A) A layer tn which the micropores are lntra~sph«ruilt!e voids , 

(B) A layer In which the micropores are inira-spherulitic voids arse imer^spherLitiiio voids. 
{13} Detection of spheruliies: 

10093] A mlcroporcus membrane was thinly sliced jo prepare a thin piece., which was impregnated with an organic 
f5 solvent which does not erode the micreporous membrane, and, Immediately thereafter, observation of a Maltese cross 
was conducted using a polarizing microscope. As the organic solvent methylene chloride was us so: for the- mlcroporoos- 
membrane made of polyvinyl iciena fluoride resin. The enlarging magnification is preferably at feast 290 x. and more 
preferebiy at least 4CCx. t end the higher magnification Is preferred. A typical embodiment o1 the Maltese cross (cross - 
shaped polarisation image) is shown in RQ. 12, in this way, spherulites can be detected by observing the poterfeaiion 
so images in the form of Maltese crosses. 

(14) Identification of phase separation mechanism; 

[0094] taho plaetmlH manufactured by Toyo Selki Seisakusho Co, { Ltd, (Model 30C1 50) equipped with a twin-screw 

35 (iViodei R 100H) was used as a kneading apparatus. A composition comprising the thermoplastic resin, the piastldser. 
esc. in admixture at a olvcn ratio was introduced into the Lab© piastre!]!, and melt kneaded at a given temperature and 
at asore-w revolution of 50 rpm. in this case, although the kneading time can be freely chosen, preferably 5-10 minutes 
Is preferred taking Into consideration the time required for stabilization of kneading torque and Inhibition of decompo- 
sition and deterioration of the resin. Then, the number of screw revolutions was set at 10 rpm, and continuing the screw 

so kneading, the heater was cut on to air-cool the kneaded product, thereby measuring the correlation. between kneading 
temperature PC) and kneading torque (kg-m) to obtain a characteristic curve, in the characteristic curve, the temper- 
ature at which the kneading torque abruptly rises with cooling can be regarded to be an infection point m the solid 
liquid phase separation, in general; when a composition comprising poiyvlnyiidene fieonde resin and a plasticizer is 
used, the inflection point with the solid -liquid phase separation is present !n the range of about 100*0 to about 170 W C 

■2s as shown if] Reference Example 1 arid FIG,. 1 referred to. hereinafter. However, Use composition sometimes has a 
temperature at which the kneading torque abruptly towers with cooling \n the temperature range hlgherth&n the inflec- 
tion point with so fid-liquid phase separation, and this can be identified to be a Hquici-iiquid chase separation system. 
Therefore,, a phase separation system having the temperature at which the kneading torque abruptly rises With cooHng, 
and having no temperature ai which the kneading torque abruptly lowers with cooling in me temperature range higher 

<*o than the temperature at which the kneading torque abruptly dees is defined -o be a thermaiiy-lrxsqcae: solkHlquld phase 
separation* 

(1 5) Thermally-induced solid-liquid phase separation point T G , crystallizing point 7 C 0 > and crystalline melllng point 7&°: 

^ [uOSSj A composition comprising the thermoplastic resin, the plastlcteer, etc. in admixture at a given ratio was Intro- 
duced into a Lafeo piastmiii< and melt kneaded at a given temperature ana at a screw revolution of SO rpm to \>f^psre 
e rotxturo/Thls mixture was used as a measuring sample. Using a the?mai analysis apparatus (DSC-Pyrisl) manufac- 
tured by Ferkln- Eimer Co.. Ltd>* an exolhemiic peak temperature In the course of cooling was measured under the 
conditions of a sample weight of 5-10 mg, a cooling rale of 1 0°O/mln ( and a scanning temperature optionally selectable 
from the range of 20-300*0. This was defined to be the thermally-Induced soHd-iiqi«d phase separation point T c ( V C). 
The crystallizing point T c ° ( a O) of the thermoplastic resin was also measured in the same manner as in the measurement 
ot the mermally 4ndased phase separation point. Ac for the crystalline melting point T^° ( o 0) of the thermoplastic resin< 
an endotnerthic peak in the course of heating of the second cycle was measured with the heating rate and the cooling 
rate being set at 1 G 0 C/mtn, and this was defined to be the crystalline melting point T M ® 

(IS) Cooling rate; 

£Q0S$j The cooing rate in the case of solidification In a coolant bath such as water upon cooing and solidification 
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was abtafceti In the following banner using an infrared thermometer, A colorless and franspar ant compositkso In molten 
state was cooled by exposure to cold air. A temperature at which the composition sc&difbdwftfc cn/stallteatjon to become 
white in color was measured using an infrared tromometer, and a solidification temperature PC) was determined. 
Than, a temperature or the composition just before cooling and solidification In a coolant bath was measured- using an 
infrared thermometer, and this was taken as an inltfai temperature (*C). Furthermore, .s©ildmcation time (in seconds) 
was measured from the moment when the composluon was allowed to contact with ins cooSsnt baih £o lha moment 
when color of me composition changed lo while by cooling arid sojldfficatlGm The cooling rate {*C/min} was calcu- 
lated by the following formula. 

Cooling rate ~ 60 x (Inmal temperature • 
solidification temperature) *- soiidfrleation lime. 

[009T] Rjrthermora, the cooling rate In ease a. meld such as a ceoilng press was utilised In eoofing and soildjffcah'on 
wa s obtained by Insert ri g a thermocouple sensor into the composition in rno&sn stale and measuring the temperature 
and the tlmo. 

Reference Example 1 

[Q09B} 40% by weight of a polyvlnylldene fluoride resin (horaopoSyrnen weight average molecular weight: 250,000; 
density: 1 .78 g&m 3 ; T M °»173°C; T C C -14S°C) and 80% by weight of dicydoftexytphthaiate (OGBP) were mixed and 
the mixture was introduced into Labo p>lastmi& The mixture was moil kneaded for 5 minutes .at a kneading tsmp&ra&re 
of 240-C and a screw revolution ot 50 rpm until the resin temperature and the kneading torque were stabilised. Then, 
the screw revolution was set at 10' rpm, and continuing the screw kneading, the heater was cut of to air-eooithe uniform 
solution from the starting temperature of 240^0 3 hereby observing the change of the kneading torque with, lowering 
of temperature, and evaluation of the phase separation mechanism was conducted. From the characteristic curve- 
shown In FIG. 1 ; the phase separation mechanism of the composition was found to be a therrnaBy-sndueed softd-8qu$d 
phase separation. 

Example 1 

A composition compristng 40% by weight of a polyvlnyiidene fluoride resin (homopoiymer; weight average 
molecular weight: 250,000; density: 1 .78 gfcm3; t m <M73*G; T c q ~ 148^0} and 60% by weight of dicyeiohexy! phthaiate 
(OCHP) was Kneaded using a Labo piastmiif for 10 minutes at a kneading temperature of 500* G and a screw revolution 
of 50 rpm to obtain a uniform solution. The reeu&nc uniform solution was molded Into a sheet by a heating press of 
200*0 and then cooled at a cootfng rate of about $W°OJmm by using a coottng press to solidify the sheet. Thereafter 
dioycJohexyi phthaiate was removed by extraction with hexane, and the deposited hexane was removed by drying to 
obtain a rnicroporous membrane. The respiting rnicroporous- membrane was high in both the tensile: break strength 
and the tensile break elongation, and since the ratio of maximum pore diameter and apparent pore diameter was email 
naroeiy, 4.9, it was found that unif ormity of pore diameter was high. A thin piece of the resulting rnicroporous membrane . 
was prepared, and using a poJartztng microscope, the polarization image thereof was observed to have Mai-ass crosses 
through the whole layer of the eectionai structure of the micropore us membrane, confirming that spherules were 
present. FIG, 2. RG. 3 end FIG 4 show photographs of the sectional structure of the rnicroporous msn-^brene taken 
by a scanning electron microscope. It was found- from the photographs of the sectional structure thai in the resulting 
mieroporous membrane, the spherules joined to each other without having boundaries and the layer (A) in which the 
micropores were ;ntra-spnerui&e voids occupied 100%. Results of 'measurements en the resulting miomporous mem- 
brane are shown in Table 1 , 

Example 2 

10100] A microporous membrane was Detained in the same manner as In Example 1 . except that ciamy? phihaJate 
(DAP) was used as the plasile&er, A thin place of the resulting rnicroporous membrane was prepared, and using a 
poisr&ing microscope, the polarization Image was observed to have Maltese crosses through the whole layer o» the 
sectional structure of the mlcroporous membrane, conflnnlng that spheru lites were present. Physical properties of the 
resulting mioroporous membrane are shown in Table 1 and a photograph of the sectional structure of the rnicroporous 
membrane taken using a scanning electron microscope Is shown in FIG. -5. St was found from the photograph of the 
sections} structure that in the sectional structure of the resunmg micro-porous membrane, the layer (A) \t\ which the 
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micropores were intra-spheruHhc voids occupied 39% and the layer (B) In which the micropores were intrs-spher uiltie 
voids and inter-spherule voids occupied 61%. 

Comparative E;<ampte 1 

fOIOlj A microporoas membrane was obtained \n the same manner as in Example 1 . except thai dibuiyJ phtb&tate 
(D3P) was usee as the p?aslidzer, A Ihln piece o? the resisting microporous membrane was prepared, and using a 
poladidng microscope, the polarization image was observed to have Maltese crosses through the whole layer of the 
ssetfonei structure of the microporous membrane and thus spherulltes were present Physical properties of the resulting 
10 micfoporous membrane are shown in Tabls 1 , Photographs of the sectional structure of the mferoporous membrane 
taken us&g a scanning electron mksrose'epe are shown m FJG. 8 and FIG. ?. it was found- from the photographs of 
sectlona* structure that In the sectional structure of the reciting microporous membrane, the layer (B) in whtch the 
micropores were lntra«spheru*itic voids and jnter-spherulitic voids occupied 100%. There? ore, as shown In Tab:© i { 
strength and uniformity of pore diameter of the resu&ng mteroporous membrane were seriously Verier. 

Compare- ive £:<ampte 2 

[0102) A rracroporous membrane was obtained In the same mariner as In Example 1 , except that diethyl phihaSate 
(DBF) was used as the plasudzer. Physical properties of the resulting mioroporous membrane are shown In Tabie 1 . 

so A thin piece of She resuming mlcroporous membrane was prepared, and using 3 polarizing microscope, ffte polarization 
Image was observed to have Maltese crosses through the whole layer of the sectional structure of the micropore us 
membrane and thus It was ascertained that spherules were present It was found that In the sscilonat structure of the 
resuming miercpo reus membrane, the tayer [B) in which the micropores were Intra -spheruiitic voids and inter-sphefsjxlb 
voids occupied 100%. Therefore, as shown m Table 1 , strength and uniformity of pore diameter of the resulting micro ■ 

3 porous membrane were seriously inferior. 

Example 3 

[81Q3J A mioroporous membrane was obtained In the same manner as In Example 1 , except that the cooling press 
so was not used for cooling and solidification, but the sheet was introduced Into water of 2Q*C and cooled at a cooling 
rate of about 10000*G/rnim Ph-ys.ieat properties of the resulting mlcroporcus membrane are shown In Table 2, and a 
photograph of the sectional structure of the micropores membrane taken by a scanning electron rn&rosccpels shown 
in FIG. 8. 

Comparative Exarnpie 3 

[0104] A micropores membrane was obtained In the same manner as in Example 1 , except that the cociing press 
was used forcooifog and sdlk&lcatton, and the cooling .rate was about 40°C/mim Physics* properties of the resulnng 
microporoue membrane ere shown in Table 2. A thin piece of the resuming micro porous membrane was prepared, and 
using ?3 polarising microscope, the poianzation image was observed to have Maltese crosses through the wheie layer 
of the sectional structure of the mioroporous membrane and thus it was ascertained that spherules were present, A 
photograph of the. sectional structure of the mioroporous membrane taken by a scanning electron microscope is shown 
in FIG- 9, It was round from the photograph of the sectional structure that in the sectional structure of the resulting 
mioroporous membrane, the iayer (8) in v/nich the micropores were voids in spheru&es and voids between spheruiltes 
occupied 100%. As shown in Table 2, when the cooling rate was towered, strength and uniformity or pore diameter of 
the resulting mioroporous membrane were deteriorated, 

Example 4 

50 (0185) A mioroporous membrane was obtained In the same manner as in Example S £ except that amount of the 
poiyviny Udene fluoride- resin was 20% by weight and that of dteyciohexyl phthaiate (DGBP) was 00% by weight. A thin 
piece of the resulting mioroporous membrane was prepared, end using a polarising microscope, the polarization image 
was observed to have Maltese crosses through the whole layer of the sectional structure of the microporous membrane, 
and thus it was ascertained that spheru&es were present, it was- found that in the section at structure of the resulting 

$2 mioroporous membrane, the layer (A) in which the micropores were fmra-spheruliilc voids occupied 100%, Physical 
prepenses of the resuming mioroporous membrane are shown in Table 2, 
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Example 6 

[01 061 The composition used m Example 1 which comprised 40% by weight of a pofyvinyjldene fluoride resto and 
S0% by weight of d&yeiohexyi phthaiate (DCHP) was stirred and mixed at 70*C using Henscbei mixer; and men cooled 

5 to obtain s powder. This powder was introduced from a hopper and rnefc kneaded at £0G*G using a 35 mm twin-screw 
extruder to obiaif- a uniform solution. Subsequently, the resulting uniform sofeJlion was sxtruoed from aooathanu.er die 
adjusted lo a lip distance of 100 and put between two coemno roils and. cooled and solidified to obtain a sheet. 
Thereafter, dicyciohexyl phtfc&Sate was removed by extraction w^h hexane, and the deposed hexane was removed 
by drying *o obtain a microporous membrane. The cooling rate at cooSrsg and solidification was shout. 1 0pe°C/m$n. 

to Moreover, heat Indue-Jon type ilquid-scHd phase separation point of. tfce mixture was 136*0, from which the phase 
separation point depression constant was calculated to be 2G.0°C. A thin piece of the resulting micropores s membrane 
was prepared, and using a polarizing microscope, the polarisation image was observed to have Maitese crosses 
through the whole layer of the sectional structure of the micro-porous membrane, and thus \l was ascertained that 
spheruiltes were present, The sacuoaai structure of the resulting microporous membrane was observed using a scan- 

?s rang elect* on microscope to find that the -aver (A) in -which the micropores were intra-sphar uHtib voids occupied 1 00%. 
Physics; properties of the resulting microporous membrane were a thickness of 380 um, a porosity of 83%, a water 
permeation amount of 380 L/m^atm/hr/100 pxru a maximum pore diameter of 0.057 pm, a tensile break strength of 
150 kgf/ern 2 , and a tensile break elongation o? 320%. 

Example 6 

[0107] A microporous membrane was obtained in the same manner as in Example. 1 , except that 45% by weight of 
poiyvtnyndens fluoride resin {SOLEF1Q12 having a ctystat&ne melting point of 173*0 manufactured by SOLVAY Co.. 
Ltd.) and 55% by weight of dtcydoh&xyt phthaiate (DCHP) wore used. The thermally-induced soiid-iiquid phase sap- 

£5 araiion point of the mixture was 133°C, from which the phase separation point depression constant was calculated to 
be 16\£*C, A thin piece of the. resulting microporous membrane was prepared, and using a pciadzing microscope, the 
polarization image was observed- to have Maltese crosses through the whole layer of the sectional structure of the 
microporous membrane., and thus It was ascertained that spheruiltes were present. II was found that in the sectional 
structure of the resulting microporous membrane, the layer (A) In which the micropores were fefta-spheoiSSQ voids 

■so occupied 100%. Physical properties of the resulting microporous membrane are shown in Table 3. 

Example 7 

[01081 A microporous membrane was obtained in the same manner as in Example U except that .amount of the 
35 poiyvlnylidene iiuonde resin was 50% by wojghi and that of dieycfohexyi phlhafate (DCHP) was 50% by weight. Trie 
thermal-Induced solid- Hquid phase separation point of the mixture was 1 40*G { from which the phase separation point 
depression constant was catenated to bo 1S.0°C, A thin piece of the resulting microporous memPrane was prepared, 
snd using a polarizing microscope, [he polar&ahorvirnage was observed to have Maltese crosses through the whole 
layer of the section-^ structure of the microporous membrane, and thus it was ascertained that spherules were present. 
40 n vyas found that In the seet)onai structure of the resulting microporous membrane, the iayor (A) in whbh the micropores 
were inira*spherulHio. voids occupied 1 00%. Physical properties of the resulting microporous membrane are shown in 
Tabie 3. 

Comparative Example 4 

4$ 

{01 03] A mixture comprising 1 7% by weight of a poiyvsnyiider.e fluoride resin (SOFEF1 01 2 having a crystaOine melt- 
ing point of 173'C manufactured by SOLVAY Co., Ltd.), 66% by weight of dimethyiaoetamlda and 17% by weight ol 
iscprooyl alcohol was stirred and dissolved at .60*0. The resulting solution was cast on a glass plate at S0°C, and 
imtacdi&tefy immersed in a solution comprising 42% by weight of water, 51% by weight of dimethyiaoetamide and ?% 
$o by weight of Isepropyi alcohol which was adjusted to 30°C to coagulate the cast solution. This was successively washed 
with water and ethane!, and then dried to obtain a fiat microporous membrane. Spherul&es were not formed at the 
sectional structure of the resulting microporous membrane. Physical properties of the resulting microporous membrane 
are shown in labia 3, 

S5 Comparative Example 5 

[81 1 0] A mbdure comprising 1 8% by weight of a po^vinylidene fluoride resin (SOFSF1012 having s crystalline meU- 
ing point of 173*C manufactured by SOLVAY Co, Ltd.), 72% by weight of dimethyteoetamide and 10% by weight of 
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polyethylene glycol (manufactured by Wake Jun-yaku Co,, Ltd.; weight average molecular weight: 20,000) was surfed 
and dissolved at 5S*C< The resulting solution was cas£ or; a glass plate at 50*0, and immediately immersed In water 
adjusted to 30*C to coagulate the cast solution. This was successively washed with water and etharioi, and then dried 
to obtain a fist mlcroporo-us membrane Spherules were not formed at me sections* structure of the resumng micro- 
5 porous- membrane. A dense skin fever was present on me surface of the mlcroporeus membrane. 

Exsrnpie 8 

[01- 1 1 ] The composition used in Example 1 which comprised 40% by weight of polyv^yRdene fluoride resin end 60% 
i& by weight of dioycfohexyt phthatete (DCNR) was stirred and mixed el 70 C C using a Heneche! mixer, and then cooled 
to obtain a powder. This powder was Introduced from a hopper and melt kneaded using a 36 mm twin-screw extruder 
at 200°O to obtain a uniform solutions Subsequently, the resuming uniform solution was extruded Into a hollow fiber 
from a spinners! comprising a ring orifice of 0>9 mm in Inner diameter and 1 ,48 mm In outer diameter with passing air 
through the inside of the hollow, end cooled and solidified in a water bath of S0 S3 C, followed by winding on a hank. 
is . Thereafter dicyctohsxyl phthalate was removed by extraction with hexane, end the depositee' haxane was removed 
by drying to obtain a nneroporous membrane. The cooling rate at cooling and soiidUicatlon was about S000*C/mlm 
Moreover, the thermally-Induced so Illiquid phase separation point of the mixture was 138*C, from which the phase 
separation point depression constant was calculated to be 20.0*0. A ihln piece of the resulting microporous membrane 
was prepared, and using a polarising microscope, the polarization image was observed to hewe Maltese crosses 
through the whole layer of the sectional structure of the micropore us membrane, and thus it was ascertained that 
spheruiltes were present The sectional structure of the resulting microporous membrane was observed using a scan- 
ning electron microscope to find that the layer (A) in which the micropores were inifa-spheruUtio voids occupied 100%. 
Physical properties of the resulting microporous membrane were a thickness of .208 urn { a porosity or 62%. a water 
permeation amount of 270 Um 2 /atnVhr/100 prn> a maximum pore diameter of 0,053 urn, a tensile hreaR strength of 
170 Kgf/cm 2 , and a tensile break elongation of 400%, 

Example 9 

[01 1 21 A microporous membrane was obtained In the same manner as In Example 8, except that 45% by weigh* of 
20 poiyvlnyiidene fluoride resin (SOFEF1012 having a crysta^ae merting point of 173*C manufactured by SOLVAY Co., 
UcL} and 55% by weight of dleyclehexyl phthaiaie (DGHP) were used, The thermal nduced so&S-llquld phase sep- 
aration point of the mixture was l38 a G, from which the phase separation point depression constant was calculated to 
be 13.2*0, A thin piece of the resulting microporous membrane was prepare^ and using a polarising microscope, the 
pcterizatlcn image was observed to have Maltese crosses through the whole iayer of the sectional structure of ihe 
*ss microporous membrane, and thus U was ascertained that spherullbs were preset A photograph of the sectional 
structure of the microporous membrane taken using a scanning electron microscope is shown in FIG. 10. it was found 
that in the sectional structure of the resulting microporous membrane, the layer (A) in which the micropores were intra- 
sphsrullilc voids occupied 100%. Physios! properties of the resulting microporous membrane are shown in Table 3. 

■io uxampie 10 

[01 131 The microporous membrane in the form of a hollow fiber obtained in Example 8 was Kept in an oven controlled 
to 15C C C for 30 minutes to carry out a heat Treatment Physical properties o? the resulting microporous membrane were 
a thickness of 190 fum, a porosity of sa%, a water permeation amount o- ISO Um 2 /airo/hr/1 00 u.n\ a maximum pore 
45 diameter of 0.051 urn t a leasee break strength of £00 kgf/cm 2 , and a tensile break elongation of 310%. The tensile 
break strength was further higher in comparison mih ihe microporous membrane obtained in Example 8. Moreover, 
when the resulting microporous membrane was left to stand in an a etc clave for steam sterilisation at 130*C for 1 hour, 
the membrane showed no dimensional change and was excellent in heat resistance. 

*® Comparative Example S 

[0114J A polyethylene resin {weigh; average molecular weight: 200,000; density: 0.98 g/ern 3 ; T w °; 13S*C) was in- 
troduced Into a 05 mm twin-screw -extruder from a hopper. Furthermore, liquid paraffin (kinematic viscosity at 3?.8~C; 
13.4 cSt) was poured into the extruder so that the composition comprised 30% by weight of the polyethylene resin and 
55 70% by weight of the liquid paraffin, and melt kneaded at 200°C to obtain a unit orm solution. Subsequently, the resulting 
uniform solution was extruded Into a hollow fiber from a spinneret comprising a ring orifice of 0.9 mm In Inner diameter 
and 1 .40 mm m outer diameter with passing air through the hollow, and cooled and solidified In s water bath, followed 
by winding on a hank. Thereafter, liquid paraffin was removed by extraction with hexano, and the deposited hexane 
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was removed by drying to obtain a rnicroporous membrane The eooimg rate at cooling. and solidification was about 
SOGCrC/min.. Whan the resulting :mlcroporcos n^n>brane was left to stand in an autoclave for steam siorsHxaUon ar 
130°C for 1 hour, shrinkage In s&e of about 30% was seen and the rnarnbrane had no sufficient hast fosfetanca, 

[0115J Tiio rnterroporous menifcran^ in the form of hollow fiber obtained in Hx&rnpte a was subjected io Irradfot&n 
w£h aioctron rays of 3 Mrad In a nllrog^n-fapiaced atmosphere of 100 ppn- in oxygen concentration, and [rnrnedi&isiy 
subject to.hydrophitizing treatment by a graft method. The fcydroph$2?ng treatment was earned out by Immersing 
the mScfcporcus membrane in a mixed solution comprising 8% by weight of 2-hydrc>;yeshy3 rceihacrytets, 20% by 
weight df t-butanoi and 74% by weight of water at room temperature for 1 hour In a ^ftrogesv replaced atmosphere, 
folkswed by washing with water and drying. The rousting rnleroporoas membrane had such a nigh hydfophlHclty aa 
being spontaneously wetted whan it was put In water, and was suitable far separating membranes far water treatment, 
onedtca! separating n-j&robranes which should not adsorb proteins, and the l&a. 
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Exampte 1 | 


Example 2 ] 


Comparative Example 1 


Comparative B:<amp«-3 2 




Kind of ptestscfcdf 


DCHP ] 


DAP i 


DBF 




so 


Concentration of resin C 


40 ] 


40 


40 


40 




Tharmany-indtiesd soUd~i:qcld 
phase separation point T a [ M C] 


136 


131 


122 


116 




Prsasa separation point 
depression constant a [ 9 C] 


20.0 


28,3 


-~ ~ — 

43.3 


53,3 




\>UViii".; \ ^X^- > v.'«i ) Hi i j 






800 


800 








i 70 


176 


J7S 


SO 


Layer In which micropores are 
intrs-spberjiftlc voids (A) [%] 


100 


39 


0 


0 




Layer in which ■r-ioroporas are 
Intra- sphefulitb voids and inter- 
sphsfuHtto vofcte (8) [.%] 




81 


100 


100 


35 


Porosity e 


54 


5S 


53 | 47 




Sas permeability Q {sec/?n £ / 
cmHp/1 00cm 3 / 1 GO^mj 


41 70 


2960 


330 


17 


40 


Water psnrjeation amount W [U 
n^aim/h r/ tOQ$im} 


330 


530 


135©.. 


17700 




M aximum pore diameter Cu flxm] 


0.078 


j 0.131 


I 0.683 


0,933 


4% 


Apparent pore diameter D s 
according to p erm aatfon methc d 
fjtm.] 


0.01 S 


0.018 


! 0.0051 


C.0G3S 




Ra?.k> of maximum pore 
diameter arid apparent pore 
diameter Ds/D 2 


4,9 


7.3 


\ 130 

: 
: 


270 


CO 


\ lensHO break strength [kgf/cm 2 ] 


91 


SO 


-t~ 

j 35 






1 Tensile break efongstbn [%] 
{ — .. 


180 


| 35 


1 4 


! _ .! 



*ab<e 2 





Example 3 | Comparative Example 3 


Example 4 \ 


Kind of piastlc&ar 


DCHP j DCHP 

•: . 


DCHP j 
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Table 2 (continued) 





Example 3 


Comparative Example 3 I 


bxarnpie 4 






40 j 


20 


ret 








Phase separation point depression constant ix 1*0] 




20.0 


di Jb 




: UvUu 

— > 






Manihf&ns thickness t \$xm} 


335 




353 


{Co 


Lsyer ift 'which rotorc-pores are- Inlja-sphoru IHIc voids. (A) [%] 




0 




Layer in which micropores &r& Intra-spheriiijttc voids .and 
inter-aphattt&te vote *8) {%] 


u 


; w 






80 


88 


82 


Gas permeatmity G [sec/:n%^mHg/100em s / lOOjirn] 


480S 
i — 


2460 


1$50 j 


j Water permeation amount VV [Urn 2 /atrr/nf/1 OOjim} 


300 


510 


2Q70 | 


\ Maximum pore diameter [urn] 


0,055 


0.247 


0.120 j 


1 Apparent pore diameter D 2 according to permeation method 

5.. , . 


0.020 


0.D14 


0.037 J 


[ Ratio of maximum pare diameter and app&rent pore 
| -diameter D.j/Q a 


s.a 


1? 


&3 j 


| 1 ensile break strength [kgj/cr n s ] 


130 


30 




j Tensile break elongation [%} 


280 


3 


j 170 ! 



3? 



Taeie 3 







Example S 


bxampie 7 


Compamt&e j 
bxampie 4 


Comparative 


H>?aropU3 S 


Exaniple 9 




Form of 

mfcrcporous 

membrane 


Rat room 
brans 


Fk5i merr^ ! 
brane 


Flat mem 
Srane 


Flat mem 
brane 


HoHow fiber 


Hotfow fiber 




Concentration 
of resin [wt%] 


45 


50 


17 


13 


40 . 


45 




Then"nai[y- 
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liquid phase 
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separation 
point Tc [*CJ 
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depression 
constant fx 
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! 

; 
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MesTsbrane 
thickness g*nVj 
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55 


Pe rosily r%l 
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47™ 


65 
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64 
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Tsbks 3 {continued) 
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Example 4 | 
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pore diameter 
[mil 






100 i 

! 

; 


62 | 


53 


27 


permeation 
amount [L/?n 2 / 
atm/hr/100 


82 

s 


5$ 


1250 ; 


850 


270 


87 


\ Thrusting 
| strength [gy 
j 100 $im] 




388 










\ Thrusting 
1 depih jVcim] 


3,2 


S.3 


i .5 








| Energy In 
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frnJ/100 urn] 


7.6 


8.4 


0,9 


0.7 




70 


Burst strength 












Tenalte break 
strength fkgf/ 
cm 2 } 


148 


195 


5? 


5S 


170 


343 


Tenets break 
elongation (%] 


252 


264 


52 


48 


400 


740 
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Industrial Appiicabliiry 

[01101 Sine© the heat resistant mlcroporous- membranes of the present Invention have high strength and have & 
layer excellent Sr* uniformity of pore diameter, it Is expected that they have Ideal ftoe partlsiss removing perform&noa 
and permeance performance. Moreover, it is also possible to provide mfcroporous r-iembranes having pore diameters 
oneessvoiy usable for removal of viruses. Thus, they are tnriusJnairy ver/ useful 



Claims 

1. A heat resist an* mlcroporous membrane containing; a thermoplastic ressn having a crystalline melting palnl of 
140 -300°C and having a layer structure formed In the direction of rnembrana thickness, said layer structure con- 
talning 5-1 00% of a layer defined by the following (A) and 95-0% of a layer defined by the fottowteg (3>; 

{A} a tey&r in whteh the micropores are inira-spheruiitlc voids, and 

{£} a layer In which the micropores ere Intra-spheruimc; voids and snter-spheruUnc voids. 

2. A heat resistant microporo.ua membrane according 1o claim 1, which has a masimom pore dimeter of 1CMS0 nrn 
as determined by a bubbie po:nt method and a porosity o? 30-30%. 

3. A heat resistant mlcroporous membrane according io claim 2, which has a maximum pore diameter of 10-50 nm 
ao determined by a bubble point method, 

4. A heat resistant micropores membrane according to daW. i , 2 or S f wherein the thermoplastic resin \& a polyvi- 
nyjidone Hue ride resin. 
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5. A method for producing a heat resistant mlcroporeus membrane which comprises heating a composition containing 
a thenmoplasUe resin having a crystalline melting point of 140-300*0 and a pfastfoteer and having a IherniaUy- 
induced solid-liquld phase separation point to uniformly melt the composition, coo&ig the mast at a cooling rate of 
not iower than 50*€§frniri. to solidify the melt,. -and then removing the substantial part of said plastksizer; where said 

s composition has a phase separation point depression constant (a) of 0-40*0 defined. by the following formula (1): 

a - 100 x (T c ° - T©) * C100 - C) (1) 

w (in the above formula, a denotes a phase separation point depression constant (°G} ? T c ° denotes a crystattlzing 

point (°C) of the thermoplastic resin, T c denotes a thermaiiy-ind.uesd soSd-Squid phase separation point (°G) of 
said composition, and C denotes a concentration {% by 'weight) of the thermoplastic resin in the composition). 

6. A method for producing a. heat resistant micropores membrane according to claim B, which includes ihe step of 
?5 heat treatment. 

7. A method tor producing a heat resistant mtcroparoits membrane according to cieim 5 or 8, which Includes the stop 
or nydrophiteng treatment 

& A method for producing a heat resistant microporoys membrane according to claim 5, 8 or 7, wherein the thermo- 
plastic resin is a poiyvinyiidene finohde resin. 

§, A method for producing a heat resistant microporous membrane according to claim 8, wherein the piastieeer is 
dioycfofrexyl phtfcalata or diamyi phifcaiate. 

2S • 



$0 



40 



43 



SO 



21 



E? 1 230 970 A1 




3:2 



EP 1 230 970 A1 



FIG.3 



EP1 230 970 A1 





26 



EP 1 230 970 A1 



FIG.6 
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FIG.S 
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FIG. 10 
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FIG, 12 
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